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Abstract The perennial stinging nettle (Urtica
dioica L.) is a wild plant that provides resources for
aphid natural enemies and can therefore benefit crop
protection. Stinging nettles producing approximately
three times more fibre than Standard nettles are under
commercial development for fibre production. Here
we assess the relative value of Austrian Clone 2, a
high fibre nettle variety, as a resource for the nettle
aphid Microlophium carnosum (Buckton) and its
associated natural enemies. The intrinsic rate of
increase of M. carnosum cultured on Clone 2 was not
different to that on a Standard nettle nor was there an
effect of nettle variety on the susceptibility of this
aphid to the entomopathogenic fungus Pandora
neoaphidis (Remaudie`re and Hennebert) Humber.
The development time of the aphidophagous predator
Chrysoperla carnea (Stephens) was not affected by
the nettle variety on which M. carnosum was cultured
whilst the parasitoid Aphidius ervi (Haliday) fed on
honeydew produced by M. carnosum infesting both
varieties of nettle. Fibre nettle Clone 2 is therefore
able to support non-pest aphids and their natural
enemies and, if grown widely in the future, may be
useful within conservation biological control and a
tool within integrated pest management.
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Introduction
Over 100 species of insects utilise the perennial
stinging nettle, Urtica dioica (L.), including various
species of aphids and their natural enemies (Davis
1991). Aphidophagous insects including ladybirds,
hoverflies, lacewings and hymenopteran parasitoids
are all commonly found in patches of stinging nettles
(Alhmedi et al. 2007, 2009; Baverstock et al. 2008).
In addition to this, the aphid-specific entomopatho-
genic fungi Pandora neoaphidis (Remaudie`re and
Hennebert) Humber (Zygomycetes: Entomophtho-
rales) and Neozygites fresenii (Nowakowski) are
found infecting the nettle aphid, Microlophium
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carnosum (Buckton) (Homoptera: Aphididae), in
patches of stinging nettle in temperate regions
(Baverstock et al. 2008; Ekesi et al. 2005). Recent
research has suggested that aphids infesting nettles
may provide an early season resource in which
populations of aphid predators, parasitoids and
pathogens can multiply (Ekesi et al. 2005). Indeed,
the occurrence of aphid natural enemies on stinging
nettles is positively correlated with the population
dynamics of M. carnosum (Alhmedi et al. 2009).
Stinging nettles may, therefore, be an important
component within conservation biological control
and a tool within integrated pest management.
However, the inclusion of small patches of stinging
nettles into the agricultural landscape is unlikely to
significantly increase populations of beneficial
insects. Zabel and Tscharntke (1998) found that the
abundance and diversity of herbivores and predatory
insects in nettle patches is dependent on both the size
and fragmentation of patches, with species richness
of herbivores showing a positive correlation with
habitat area whilst species richness of predators is
negatively correlated with habitat isolation. There-
fore, large patches of nettles or patches that exhibit a
high degree of connectivity are required to maximise
predator populations (Zabel and Tscharntke 1998).
Nettles have been used to provide fibre for over
800 years and have received renewed interest as the
recent demand for natural and organic fibres has
increased (Hartl and Vogl 2002). Although the fibre
content of wild nettles is low (approximately 5%),
crossing experiments by Bredemann (1959) created
nettle Clones with a higher fibre content, with some
Clones containing up to 17% fibre (Hartl and Vogl
2002). These Clones were also characterised by fast
growth and long, straight stalks that were not ramified
(Bacci et al. 2009; Hartl and Vogl 2002). Recent field
assessments indicate that the German fibre nettle
‘Clone-13’ provides good levels of biomass and fibre,
and would be feasible to grow commercially (Bacci
et al. 2009). The mass planting of fibre nettles may
also provide a resource for non-pest herbivorous
insects and be a reservoir of aphid natural enemies.
However, the traits selected for when producing
Clones of fibre nettles may have direct and indirect
effects on both non-pest aphids and their natural
enemies, and this may influence whether or not fibre
nettles would significantly contribute to conservation
biological control. For example, increased fibre
content may inhibit insertion of the aphid’s stylet
into the phloem and, therefore, susceptibility to
infestation. Alternatively, decreased ramification
may reduce protection from abiotic conditions or
alter behavioural interactions between aphids and
their natural enemies.
Our aim is to assess whether fibre nettles can be
utilised directly by M. carnosum and indirectly as a
resource for the natural enemies of pest aphids. Here
we assess the development of M. carnosum on a
clone of fibre nettle which is currently being assessed
for commercial development in the UK (Austrian
Clone 2), and determine whether the resources
provided by M. carnosum infesting this variety of
nettle can be utilised by three natural enemies of pest
aphids (the common green lacewing Chrysoperla
carnea (Stephens) (Neuroptera: Chrysopidae), the
hymenopteran parasitoid Aphidius ervi (Haliday)
(Hymenoptera: Aphidiidae) and the fungal pathogen
P. neoaphidis).
Materials and methods
Nettle and aphid cultures
Cuttings of fibre nettle (U. dioica) Clone 2 were
obtained from the Food and Environment Research
Agency (York, UK) and propagated from subsequent
cuttings within the glasshouses at Rothamsted
Research. A standard nettle variety was grown from
seed (Common nettle, purchased from Herbiseed,
UK) under glasshouse conditions. Cultures of the
nettle aphid M. carnosum infesting either the Stan-
dard nettle control or Austrian Clone 2 (henceforth
referred to as Clone 2) were established and main-
tained at 18C (16L:8D) for at least three generations
prior to the start of experimental work. The aphids
were then maintained on intact plants in the insectary.
Where known-age-aphids were required, adults were
transferred onto new plants and allowed to reproduce
for three days before being removed. After approx-
imately 12 days the nymphs had developed into
adults and were used in experiments.
Intrinsic rate of increase of M. carnosum
The intrinsic rate of increase (rm) of M. carnosum
cultured on the Standard nettle and on Clone 2 was
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assessed to determine the suitability of fibre nettles as
a food source and to identify whether M. carnosum
could move between nettle varieties without suffering
a fitness cost. The arenas consisted of a single excised
nettle leaf placed abaxial side-uppermost on 1.5%
tap-water-agar. A single adult aphid was placed on
the leaf. The Petri dish was then covered with tissue
paper (to reduce condensation), the lid replaced, and
maintained at 18C (16L:8D). The adult aphid was
allowed to reproduce for 24 h, after which time the
adult aphid along with all but one of the nymphs it
had produced were removed. The Petri dish was then
maintained at 18C (16L:8D) and observed daily
until the remaining nymph became an adult. After six
days the adults were transferred to new arenas
containing fresh nettle leaves to ensure a continued
high quality food supply and to prevent overcrowding
of nymphs. The number of nymphs the adult
produced in a time equal to that of its development
was assessed and the rm of the aphid derived using the
equation defined by Wyatt and White (1977):
rm ¼ 0:738 ln Mdð Þ=d
where d = time from birth to first reproduction and
Md = number of progeny produced in a reproductive
period equal to d. The rm of M. carnosum cultured on
the Standard nettle and on Clone 2 was assessed
along with the rm of M. carnosum cultured on the
Standard nettle and assessed on Clone 2 and vice
versa. Ten replicates of each treatment were pre-
pared. Analysis of variance (ANOVA) was used to
assess whether nettle variety or transferring aphids
between nettle varieties had an effect on the rm of
M. carnosum. This analysis and all subsequent
analyses described below were done using GenStat
(11th edition) (Payne et al. 2008).
Development and survival of C. carnea
The development of the aphidophagous predator
C. carnea fed aphids cultured on either the Standard
nettle or on Clone 2 was assessed. Eggs were
collected from culture boxes containing adult green
lacewings, C. carnea, originally obtained from Kop-
pert (The Netherlands). Single eggs were transferred
using a fine paint brush to individual 1.5 ml Ep-
pendorfs and maintained in darkness at 10C until the
start of the experiment, at which point they were
moved to a second incubator and maintained at 25C
(30% relative humidity). On hatching a single larva
was transferred to a glass tube (25 mm diameter,
50 mm depth) and provided a supply of mixed instar
M. carnosum that were infesting a small piece of leaf
excised from either the Standard nettle or Clone 2 so
they could feed ad libitum. Five replicate glass tubes
were prepared for each nettle variety. The glass tubes
were sealed using muslin held in place with an elastic
band (to allow an air flow) and maintained at 25C
(16L:8D; 30% relative humidity). The aphids were
replenished twice daily to ensure a constant supply of
high quality prey. The duration of larval instars one,
two, three and the time spent as pre-pupae and pupae
was assessed twice daily. The number of larvae that
died during development was assessed; larvae that
were not recovered were assumed to be dead. On
emergence the adults were weighed individually
(Sartorius microbalance). The whole experiment
was done on eight occasions (40 replicates of each
treatment in total). An ante-dependence analysis
(Kenward 1987) was used to assess whether the
development time of C. carnea fed on M. carnosum
cultured on either the Standard nettle or Clone 2 was
different at each of the developmental stages and
whether there was an overall difference in the
development time. ANOVA, with blocking structure
for occasion, was used to assess whether there was an
effect of nettle variety on the weight of newly
emerged adults. A logistic regression (GLM with
binomial error and logit link) was used to assess the
effect of nettle variety and occasion on the proportion
of larvae surviving the developmental process and
emerging as adults.
Use of honeydew by A. ervi
The use of honeydew produced by M. carnosum
infesting either the Standard nettle or Clone 2 as a
food source for adult parasitoids was assessed in Petri
dish arenas. The hymenopteran parasitoid A. ervi was
used in these experiments and was cultured on
Acyrthosiphon pisum (Harris) feeding on bean plants
(Vicia faba L, Cultivar: The Sutton) and maintained
at 18C (16L:8D). Only female parasitoids that were
not more than two days old were used. On emergence
the parasitoids were provided with water but had no
experience of oviposition or the host plant. To collect
aphid honeydew, a piece of Parafilm (50 mm 9
50 mm) was positioned in a Petri dish (55 mm
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diameter) placed on the soil beneath a colony of
aphids for 24 h prior to the start of the experiment.
Honeydew was collected from M. carnosum infesting
the Standard nettle or Clone 2. A single parasitoid
was transferred to the Petri dish and the time spent
feeding on honeydew within a 5 min period assessed.
Parasitoids and Petri dishes were discarded after each
replicate. Four replicates of each treatment were done
on two occasions. The data were transformed
(square-root) and ANOVA, with blocking structure
for occasion and replicate, used to assess whether
there was a significant difference in the total time
spent feeding by A. ervi on the honeydew produced
by M. carnosum infesting the two different varieties
of nettle.
Susceptibility of M. carnosum to P. neoaphidis
The susceptibility of M. carnosum that had been
cultured on either the Standard nettle or on Clone 2 to
the entomopathogenic fungus P. neoaphidis was
assessed. An in vivo culture of P. neoaphidis (isolate
X4, from Rothamsted Research collection, original
host = A. pisum) was used and was maintained by
regular passage through A. pisum as described by
Wilding (1973). Dried P. neoaphidis cadavers were
stored at 20% RH within a 4C incubator in darkness
until required. To rehydrate the fungus, batches of
three dried fungal cadavers were placed equidistant
from each other in a triangle formation on solidified
1.5% tap-water agar that had been poured into a Petri
dish (40 mm diameter) and maintained at [95% RH
for 16 h. Bioassay chambers were prepared using
plastic pots (40 mm upper diameter, 35 mm basal
diameter, 30 mm depth) containing a cover slip
(22 mm 9 22 mm). Fluon was placed around the
internal edge of the chamber to prevent aphids from
ascending and making direct contact with the spor-
ulating fungal cadavers. Fifteen known-age adult
M. carnosum (12-days-old) that had been cultured on
Standard nettles were placed in the bioassay chamber
which was then covered with a piece of gauze (2 mm
opening). A Petri dish containing the fungal inoculum
was placed over the gauze allowing fungal conidia to
be ejected onto the aphids. The chamber was then
transferred to a box containing wet tissue (to ensure
a [95% RH) and maintained in darkness. Following
inoculation the aphids were transferred to a Standard
potted nettle plant and covered using a lamp glass
sealed with cling film (to ensure a [95% RH) and
maintained at 18C (16L:8D) for 24 h. An inocula-
tion chamber containing fifteen known-age adult
M. carnosum that were maintained on Clone 2 was
treated the same way and run concurrently. Seven
batches of aphids were inoculated for different time
intervals (5, 10, 15, 20, 25, 40 and 80 min) for each
nettle treatment. A control chamber in which the
aphids were maintained for 80 min but not exposed to
the fungus was done for each culture of M. carnosum.
After 24 h the cling film was replaced with netting to
allow ventilation and after a further 120 h the
numbers of living aphids and those that had suc-
cumbed to fungal infection and were sporulating were
assessed. The experiment was done on two occasions
to give 14 doses overall for aphids cultured on each
variety of nettles. To determine the inoculum dose,
the cover slip was stained with lacto-phenol cotton
blue and the number of conidia in 20 fields of view
was counted (9100 magnification). The mean num-
ber of conidia mm-2 was then derived. The data were
transformed (log10) and a logistic regression of
binomial proportions (Probit link function) used to
assess the effect of dose, occasion and host nettle on
the proportion of aphids succumbing to infection by
P. neoaphidis. Probit analysis was then used to
determine LC50 values.
Results
Intrinsic rate of increase of M. carnosum
Microlophium carnosum was able to develop into
adults and to reproduce on both varieties of nettle,
with 100% of aphids surviving when cultured on
Clone 2 and assessed on both varieties of nettle whilst
90% survived when cultured on the Standard nettle
and assessed on either the same variety or Clone 2.
The mean development time of M. carnosum cultured
on Standard nettle and on Clone 2 was 12.2 and
12.5 days, producing a mean of 59.8 and 65.9
nymphs respectively. The rm of M. carnosum cultured
on the Standard nettle was not significantly differ-
ent to those that had been cultured on Clone 2
(F1, 25 = 0.05, P [ 0.05) (Table 1). In contrast, there
was a significant difference in the rm of aphids
that had been transferred between nettle varieties
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(F1, 25 = 7.51, P \ 0.05), with the rm of M. carnosum
cultured on the Standard nettle and transferred to
Clone 2 being greater than when M. carnosum was
cultured on Clone 2 and transferred to the Standard
nettle. The mean development time of M. carnosum
cultured on the Standard nettle and transferred to
Clone 2 was 12.1 days with a mean of 59.9 nymphs
whilst the mean development time of M. carnosum
cultured on Clone 2 and transferred to the Standard
nettle was 12.5 days with a mean of 45.9 nymphs.
Development of C. carnea
There was no significant effect of the nettle variety on
which M. carnosum was infesting on the duration of
larval instars one and two or the time as pre-pupae or
pupae of C. carnea (Table 2). In contrast, the
duration of larval instar three was significantly longer
when C. carnea were fed M. carnosum infesting
Clone 2 compared to those fed M. carnosum infesting
the Standard nettle (Table 2). Despite this there was
no significant overall effect of the nettle variety on
which M. carnosum was infesting on the overall
development time of C. carnea (Table 2). There was
no significant effect of nettle variety on which
M. carnosum was infesting on the weight of adult
C. carnea (F1, 57 = 0.45, P [ 0.05), with mean
weights of 6.90 mg (SE = 0.18) and 7.09 mg
(SE = 0.21) when fed aphids cultured on the Stan-
dard nettle and Clone 2 respectively. However, there
was a significant effect of nettle variety on the
proportion of C. carnea larvae surviving and emerg-
ing as adults (v21 = 9.08, P \ 0.01), with 95%
(SE = 5%) of larvae completing development when
provided with aphids infesting the Standard nettle
whilst only 72.5% (SE = 6.5%) completed develop-
ment when provided with aphids infesting Clone 2.
Use of honeydew by A. ervi
Aphidius ervi was observed feeding on honeydew
from M. carnosum cultured on Clone 2 in each of the
replicates and on honeydew produced by M. carnosum
cultured on the Standard nettle in seven of the eight
replicates. There was not a significant effect of nettle
variety on the total time spent feeding by A. ervi
(F1, 7 = 0.49, P [ 0.05), with mean feeding times of
161 and 113 s (backtransformed to natural scale) on
honeydew produced by M. carnosum infesting the
Standard nettle and Clone 2 respectively.
Susceptibility of M. carnosum to P. neoaphidis
Microlophium carnosum cultured on the Standard
nettle or Clone 2 was susceptible to infection by
P. neoaphidis. Mortality rates between 0 and 100% were
obtained from doses of P. neoaphidis ranging from 0
to 301 conidia mm-2. No infection was observed in
the control treatment. Preliminary analyses indicated
no effect of occasion so this term was dropped to
simplify the analysis. There was a significant effect of
dose on the proportion of aphids that became infected
with P. neoaphidis (F1, 24 = 46.48, P \ 0.001).
Table 1 Intrinsic rates of increase (rm) of M. carnosum that
were cultured and assessed on either the Standard nettle or
Clone 2, and for M. carnosum that were cultured and assessed
on different varieties of nettle
Culture variety Assessment variety rm SE
Standard Standard 0.25 0.003
Clone 2 Clone 2 0.25 0.004
Standard Clone 2 0.25 0.007
Clone 2 Standard 0.23 0.006
Table 2 Mean cumulative development time of C. carnea at
larval instars one to three (L1, L2, L3) and as pre-pupae (pP)
and pupae (P) when fed on M. carnosum that had been cultured
on either the Standard nettle (n = 38) or Clone 2 (n = 29) and,
tests (order of ante-dependence = 1) to assess differences in
development time between C. carnea fed aphids cultured on
the Standard nettle and Clone 2 (a) at each life stage (analysis
assesses the information contributed by each life stage that is
additional to that provided by earlier life stages) and (b) overall
tests using the data up to each successive life stage
Life
stage
Number of days
(cumulative)
(a) Test for
changes at each
life stage
(b) Overall test
up to each life
stage
Standard Clone 2
L1 3.1 3.1 v21 = 0.274,
P [ 0.05
v21 = 0.274,
P [ 0.05
L2 5.8 5.6 v21 = 0.285,
P [ 0.05
v22 = 0.560,
P [ 0.05
L3 9.1 9.3 v21 = 4.488,
P \ 0.05
v23 = 5.072,
P [ 0.05
pP 12.4 12.5 v21 = 1.697,
P [ 0.05
v24 = 6.769,
P [ 0.05
P 18.8 18.9 v21 = 0.044,
P [ 0.05
v25 = 6.807,
P [ 0.05
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However, there was not an effect of nettle variety on
the proportion of aphids that became infected with
P. neoaphidis (F1, 24 = 1.19, P [ 0.05) nor was there
a dose/variety interaction (F1, 24 = 0.09, P [ 0.05).
The LC50 of P. neoaphidis against M. carnosum
cultured on Standard nettles was estimated from the
parallel lines model (Fig. 1) at 51.0 conidia mm-2
(upper and lower 95% confidence intervals = 79.4
and 33.31 conidia mm-2 respectively) whilst the LC50
against M. carnosum cultured on Clone 2 was
estimated at 80.0 conidia mm-2 (upper and lower
95% confidence intervals = 138.7 and 50.43 conidia
mm-2 respectively).
Discussion
Microlophium carnosum is one of the most abundant
weed-infesting aphids in the UK, preferentially
colonising the stems and the undersides of nettle
leaves where it feeds via a stylet which passes
intercellularly into the phloem (Dixon 1998; Kean
and Mu¨ller 2004; Perrin 1976). Autoecious aphids
such as M. carnosum complete their entire life cycle
on the same species of plant and have evolved to
maximise the nutrients they receive. Changes in the
host plant may, therefore, result in sub-optimal
nutrient acquisition and this may have a negative
effect on the aphid’s rm. Indeed, previous studies
have shown that host plant species, variety and
quality along with abiotic factors such as temperature
all have an effect on aphid rm (Brown et al. 1969;
Michels and Behle 1989; Perrin 1976; Perng 2002).
The results presented here indicate that the rm of
aphids cultured on the Standard nettle was not
significantly different to those cultured on Clone 2.
Interestingly, transferring aphids that had been cul-
tured on Clone 2 to the Standard nettle decreased the
rm of M. carnosum. However, it is unclear why this
decrease in rm occurred given that the Standard nettle
and Clone 2 appear to be equally good sources of
food for M. carnosum that have been cultured on
them for several generations. Despite this, these
results suggest that the increase in fibre, along with
any other physiological changes which may have
arisen in the production of Clone 2, did not have a
negative effect on the ability of M. carnosum to
exploit the plants resources. Therefore, we would
predict that under field conditions the abundance and
quality of prey provided to aphidophagous predators,
parasitoids and pathogenic fungus on Standard and
fibre nettles should be similar.
The host plant has been shown to affect the
nutritional content of pea aphids resulting in
increased survival and decreased developmental
times of developing aphidophagous predators (Giles
et al. 2000, 2002). For example, the development rate
of Chrysoperla rufilabris (Burmeister) fed aphids
cultured on alfalfa (Medicago sativa L.) was signif-
icantly faster than when fed this aphid cultured on
V. faba (Giles et al. 2000). The results presented here
show that the development time of C. carnea was not
affected by the nettle variety on which M. carnosum
was cultured. Although there was no difference in the
observed development time of larval instars one and
two or as pre-pupae and pupae, the duration of the
third instar of larvae fed aphids cultured on Clone 2
was longer than those fed aphids cultured on the
Standard nettle. The reason for this is unknown and,
whilst statistically significant, is unlikely to be
biologically significant given that the overall devel-
opment time of C. carnea was not affected by the
Fig. 1 Relationship between dose of P. neoaphidis (log10
conidia mm-2) and proportional mortality of M. carnosum that
had been cultured on either the Standard nettle (filled inverted
triangles, solid line) or Clone 2 (open triangles, dashed line)
(15 aphids per chamber). Probit analysis estimated the LC50 of
P. neoaphidis against M. carnosum cultured on the Standard
nettle and Clone 2 to be 1.708 (natural scale = 51.0) and 1.903
(natural scale = 80) conidia mm-2 respectively
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variety of nettle on which M. carnosum had been
cultured. In contrast to this, the mortality of larvae
fed aphids cultured on Clone 2 was considerably
higher than those fed aphids cultured on the Standard
nettle. This suggests that whilst the nutritional
content of M. carnosum was similar when cultured
on both varieties of nettle, the availability of prey to
foraging larvae may have differed. Aphids were
provided infesting a small piece of leaf in excess and,
therefore, prey quantity should not have been a
limiting factor. However, differences in morpholog-
ical traits of the Standard nettle and Clone 2 leaves
may have had a direct effect on the ability of
C. carnea larvae to capture prey. Previous studies
have shown that morphological traits, including plant
architecture, surface waxes and leaf toughness can
affect the foraging behaviour of natural enemies and
their subsequent encounter rate with prey (Cortesero
et al. 2000; Eigenbrode et al. 1999). Differences in
leaf morphology may have occurred when creating
nettle Clones with enhanced fibre content (such as
Clone 2) and these changes may have affected the
foraging efficiency of C. carnea. Indeed, the majority
of larvae that died did not survive past the first instar
when leaf morphology would have had the greatest
affect on movement and prey capture. It is therefore
possible that the survival of other beneficial aphido-
phagous insect’s whose larvae develop on M. carno-
sum e.g. Coccinella septempunctata (L.) and
Episyrphus balteatus (De Geer), may also be reduced
when assessed on fibre nettles.
Aphid parasitoids rely on carbohydrates derived
from floral nectar, extra-floral nectar and honeydew
as energy sources (Wa¨ckers 2001). The energy
derived from these food sources will determine the
longevity and fecundity of the parasitoid (England
and Evans 1997; Leatemia et al. 1995; Wyckhuys
et al. 2008). Aphid honeydew is rich in sucrose,
glucose and fructose along with essential amino
acids, lipids and vitamins (Singh et al. 2000; Wa¨ckers
2001). However, the constituent elements of honey-
dew can be affected by the ability of the aphid’s gut
enzymes to synthesize complex sugars produced by
the plant (Wa¨ckers 2001), and this may affect the
palatability of their honeydew to foraging parasitoids.
In this study A. ervi spent less time feeding on
honeydew produced by M. carnosum infesting Clone
2 compared to those fed on honeydew from aphids
infesting the Standard nettle, however, this difference
was not significant. This suggests that honeydew
produced by M. carnosum infesting Clone 2 could be
utilised as a food source by foraging parasitoids. In
contrast, A. ervi was not observed feeding on
honeydew produced by the host aphid A. pisum
infesting V. faba (personal observation). This sup-
ports the hypothesis that herbivores may manipulate
the composition of their honeydew to reduce the risk
of predation and parasitism (Wa¨ckers 2000). The
honeydew produced by non-pest aphids such as
M. carnosum infesting nettles may, therefore, provide
a vital food supply for parasitoids which target pest
aphids on crops.
The LC50 of P. neoaphidis against aphids is
primarily dependent on the isolate of fungus and the
species of aphid (Ekesi et al. 2005; Shah et al. 2004).
However, susceptibility to P. neoaphidis is also
influenced by the host plant. Ekesi et al. (2005) found
that the LC50 of P. neoaphidis against A. pisum
cultured on bean was nearly three times greater than
when cultured on birds-foot trefoil (Lotus cornicul-
atus L.) whilst the LC50 of P. neoaphidis against
Metopolophium dirhodum (Walker) cultured on
Yorkshire fog (Holcus lanatus L.) was nearly double
that on barley. In this study the LC50 of P. neoaphidis
against M. carnosum cultured on the Standard nettle
was 51.0 conidia mm-2. This value is similar to that
of a previous study in which the LC50 of the same
isolate of P. neoaphidis against M. carnosum, also
cultured on the Standard nettle, was 54.3 conidia
mm-2 (Ekesi et al. 2005). Although the LC50 of
P. neoaphidis against M. carnosum cultured on Clone
2 was higher than when cultured on the Standard
nettle, this increase was not statistically significant,
suggesting that nettle variety does not affect the
susceptibility of M. carnosum to P. neoaphidis.
However, previous studies have also shown small
decreases in susceptibility (and therefore increased
LC50 values) to P. neoaphidis when the host aphid is
transferred from an optimal to an alternative host
plant. For example, A. pisum cultured on bean
(optimal host plant) was slightly more susceptible
to P. neoaphidis than when cultured on the sub-
optimal host Pisum sativum (L.) (Tkaczuk et al.
2007). Therefore, whilst the overall estimates of LC50
obtained in this study were not significantly different,
these values, along with the mortality curves which
show that the concentration of conidia required to
kill M. carnosum was consistently lower for aphids
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cultured on the Standard nettle than on Clone 2, may
indicate subtle differences in the suitability of the two
nettle varieties as host plants for M. carnosum.
Non-crop plants found in field margins provide
resources such as pollen and nectar to herbivores and
their natural enemies (Gurr et al. 2003). The incor-
poration of non-crop plants into the agricultural
landscape will therefore have a positive effect on
biodiversity and may increase the abundance of aphid
natural enemies if planted at a large enough scale
(Alhmedi et al. 2007, 2009; MacLeod 1999; Marshall
et al. 2006; Meek et al. 2002; Powell et al. 2004;
Rand and Tscharntke 2007). The results presented
here suggest that fibre nettles are able to support non-
pest aphids which are utilised by aphidophagous
predators, parasitoids and pathogens. Therefore, if
planted as a crop or as part of a conservation
biological control scheme, fibre nettles may provide a
reservoir of aphid natural enemies that could con-
tribute to the regulation of crop pests in the
surrounding environment. Additional benefits may
be gained through undersowing legumes such as
clover, which have a positive effect on both nettle
yield and invertebrate biodiversity (Gurr et al. 2003;
Hartl and Vogl 2002; Ko¨hler et al. 1999). Further
studies are now required to determine the spatial and
temporal occurrence of aphid natural enemies in fibre
nettles at the field scale and to assess whether there is
a significant effect on aphid regulation in the
surrounding environment.
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